Introduction
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Mycotoxins are secondary metabolites of filamentous fungi, which under 31 appropriate temperature and humidity conditions may develop on various foods and 32 feeds. They are mainly produced by fungi belonging to the genera Aspergillus, 33 Penicillium, Fusarium, Alternaria and Claviceps (Fung et al., 2004) . Fusarium species 34 are contaminants of wheat, maize, and other grains worldwide, capable of producing 35 high levels of fumonisin mycotoxins. Fumonisin B1 (FB1) is the most prevalent of the 36 fumonisins, accounting for approximately 70% of total fumonisins (Martins et al., 37 2012). Studies have also highlighted that Fusarium species can co-produce other 38 mycotoxins such as Beauvericin (BEA) simultaneously (Dombrink-Kurtzman, 2003) . 39 Total fumonisin concentrations in feed materials have been reported to vary from a 40 few μg/kg to tens of mg/kg (EFSA, 2005) . Dietary fumonisin estimates, by the Food (SCF, 2003) . 45 Nevertheless, a wide range of animal diseases and pathophysiological effects such as 46 leukoencephalomalacia, porcine pulmonary oedema, liver and kidney toxicity and liver 47 cancer, as well as human oesophageal carcinoma are associated with FB1 ingestion 48 (Harrison et al., 1990; Kellerman et al., 1990; Gelderblom et al., 1997; Hussein et al., 49 2001). While the molecular mechanism of FB1 toxicity is poorly understood, it appears 50 to be related to the deregulation of sphingolipid metabolism (Merrill et al., 2001) . 51 BEA is predominantly found in cereal grains such as wheat, maize and rice 52 (Serrano et al., 2012) as well as other matrices such as nuts and dried fruits (Tolosa et 53 al., 2013) . The mean dietary exposure to BEA varies from a minimum of 0.003 μg/kg 54 b.w./day to a maximum of 0.050 μg/kg b.w./day (EFSA, 2014) . However, the Panel on 55 Contaminants in the Food Chain (CONTAM) concluded that there was insufficient data 56 to establish a TDI or/and an acute reference dose (ARfD) for BEA in humans (EFSA, 57 2014). BEA possesses a wide range of biological activities. These substances are known 58 as ionophores, forming a complex with essential cations (Ca2+, Na+, K+), which 59 increases ion permeability of biological membranes, therefore potentially affecting ionic 60 homeostasis (Chen et al., 2006) . Many mycotoxins such as ochratoxin A, patulin, 61 alternariol and zearalenone have been found to possess endocrine disrupting capabilities 62 (Frizzell et al., 2011 (Frizzell et al., , 2013a (Frizzell et al., , 2013b (Frizzell et al., and 2014 .
Endocrine disruptors (EDs) include both natural and man-made substances that 64 may interfere with the body's endocrine system by acting like endogenous hormones 65 and inducing adverse developmental, reproductive, neurological and immune effects 66 (IPCS, 2002) . A few studies suggest that FB1 may act as a potential ED (Collins et al., 67 1998; Gbore et al., 2009) . While there is not enough data to confirm that FB1 is a 68 developmental or reproductive toxicant in animals or humans, Collins et al., (1998) 
69
reported that FB1 was toxic to maternal rats and the foetus at 15 mg/kg of feed 70 consumption. In addition, Gbore (2009) reported that FB1 affected fertility in pigs by 71 causing a delay in sexual maturity and poor sperm production and quality. There are no 72 in vivo toxicological studies available on reproduction and developmental toxicity, 73 neurotoxicity or carcinogenicity for BEA. However, it has been shown to be absorbed 74 and rapidly metabolised to a range of uncharacterised metabolites as detected in the 75 eggs of laying hens and several tissues of turkeys and broilers (Jestoi, 2008) .
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In vitro bioassays may be used to investigate the toxicity and endocrine disrupting 77 potential of compounds (Connolly et al., 2011) . The emerging technology, High 78 Content Analysis (HCA) is a highly powerful multi-parameter bio-analytical based tool 79 incorporating fluorescent microscopy with automated in vitro cell analysis software.
80
HCA provides assays with high sensitivity and specificity for pre-lethal cytotoxicity and 81 multiple biological endpoints for use as a high throughput-screening tool to monitor the 82 cytotoxicity, endocrine disruption and biological effects of compounds on exposed cells 83 (Clarke et al., 2015) .
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In this study, we have investigated the endocrine disrupting and cytotoxic 85 potential of FB1 and BEA using various in vitro bioassays. Reporter gene assays 86 (RGAs) utilising human mammary gland cells with natural steroid hormone receptors 87 for oestrogens, androgens, progestagens and glucocorticoids (Willemsen et al., 2004) 88 are employed for the identification of endocrine disruption at the level of nuclear 89 receptor transcriptional activity. HCA is used to detect early cytotoxicity, via multiple 90 markers in the progestagen responsive (TM-Luc) cell line exposed to 0.001-10 μM 91 BEA, to ensure that a reduction in transcriptional activation of endocrine receptors is 92 not correlated with pre-lethal toxicity. HCA is also used to assess cytotoxicity in colon which, the media was discarded and the cells washed once with phosphate buffered The MTT assay, based on the ability of viable cells to metabolize the yellow 144 tetrazolium salt to a blue formazan product by the mitochondria, was performed in 145 parallel to the RGA assays to monitor for cytotoxic effects of the mycotoxins and their 146 concentrations tested.
147
Briefly, the cells were exposed exactly as for the RGAs but in clear flat Briefly, cells were seeded at a concentration of 2 × 10 4 cells/ml, 100 μl/well, into 165 96 well plates (Nunc, Roskilde, Denmark). The cells were incubated for 24 h and then 166 exposed to (0.001, 0.01, 0.1, 1, 10 μM) of BEA (TM-Luc cells for 48 h) and BEA or 167 FB1 (Caco-2 cells for 24 and 48 h).
168
Cellomics® HCA reagent series multi-parameter cytotoxicity dyes were utilised.
169
Mitochondrial membrane potential dye was prepared by adding 117 μl of anhydrous 170 DMSO to make a 1 mM stock. Permeability dye was used as provided in the 171 multiparameter cytotoxicity 2 multiplex kit (8400202). The live cell staining solution 172 was prepared by adding 2.1 μl permeability dye to 6 ml of complete media that had 173 been preheated to 37⁰C, and then 21 μl of mitochondrial membrane potential (final 174 concentration 3.5 mM). Nuclear stain solution was prepared by adding 5.5 μl Hoechst 175 33342 dye to 11 ml 1X Wash Buffer.
176
After incubation, 50 μl of live cell staining solution was added to each well.
177
Cells were incubated in the dark at 37ºC and 5% CO 2 for 30 min. The staining solution 178 was aspirated and 100 μl of 10% formalin solution (fixation solution) added. The cells 179 were incubated for 20 min at room temperature before discarding the fixation solution The MTT assay was used to determine the viability of the RGA cells following 202 exposure to FB1 or BEA (0.001-10 μM). No cytotoxicity was observed in any of the 203 RGA cell lines exposed to 0.001-10 μM FB1 (Fig.1) progestagen, glucocorticoid or oestrogen RGAs (Fig. 2a, c and d) . BEA, at the highest 213 concentration tested (10 μM), exhibited a strong antagonistic response (p ≤ 0.001) in the 214 oestrogen, androgen, progestagen and glucocorticoid RGAs (Fig. 3a-d) . However, the 215 MTT assay results indicate that this response is due to the cytotoxicity of BEA at 10 μM 216 on all of the RGA cell lines. Antagonistic effects on nuclear receptor transcriptional 217 activity in the progestagen (p ≤ 0.05) and glucocorticoid (p ≤ 0.01) RGAs were also 218 observed at non-toxic concentrations of 1 μM BEA ( Fig. 3c and d) . Considering that 219 BEA is cytotoxic to all of the RGA cell lines at 10 M, it is possible that the antagonism 220 observed at 1 M BEA is not a true response and instead may be due to pre-lethal 221 toxicity being initiated within the cells. The validity of this response was further 222 explored by HCA in the progestagen responsive, TM-Luc cell line. Exposure of Caco-2 cells to 0.001-10 μM FB1 or BEA revealed that 1 μM BEA 231 caused a significant (p ≤ 0.01) decrease in the CN (Fig. 5 ). Nevertheless, 10 μM BEA 232 was not possible to analyse due to lethal cytotoxic effects on the Caco-2 cells. 
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The application of HCA in toxicity studies is based on the parallel analysis of 252 multiple markers for cytotoxicity, which allows early reversible and late irreversible 253 effects to be distinguished, and thus provides a more detailed analysis of compound-254 induced toxicity (Ramirez et al. 2010; Tolosa et al., 2015) . In this context, HCA can 255 identify gross toxicity and pre-lethal toxicity, whereby exposed cells are not dead but 256 are becoming unhealthy. While traditional end-point toxicity assays such as MTT can 257 identify gross toxicity, they cannot do so for pre-lethal toxicity.
258
In the current study, an antagonist response was observed in the progesterone 259 responsive TM-Luc cell line after exposure to 1 M BEA. While the MTT assay was 260 able to confirm cytotoxicity via BEA exposure at 10 M but not at 1 M, the potential 261 for pre-lethal toxicity being responsible for the perceived antagonist response was 262 considered. Consequently, HCA analysis was utilised to confirm the absence of pre-lethal toxicity and thus confirm the validity of the progesterone receptor antagonist 264 response.
265
The Caco-2 cell line is a well-recognised human gut cell model (Sambuy et al., 266 2004) and as such is suited to investigating the toxic effects of food contaminants. HCA 267 analysis confirmed that FB1 was not cytotoxic at any of the concentrations tested on the 268 Caco-2 cell line. However, BEA exhibited cytotoxicity at 1 M on the Caco-2 cell line.
269
Furthermore, in this study was observed a slight decrease in MMP at 1 M BEA. The actions of progesterone, glucocorticoid and androgen are mediated by its receptor. conformation of its receptors that is associated with transforming receptors from a non-
297
DNA binding form to one that will bind to DNA (Spitz et al., 2003) . This 298 transformation is go with a loss of associated heat shock proteins and dimerization. The This in vitro investigation has demonstrated the potential for FB1 and BEA to 320 modulate the endocrine system by antagonism of nuclear transcriptional activity as 321 observed for BEA (1 μM) on the glucocorticoid and progesterone receptor and FB1 (10 322 μM) on the androgen receptor. HCA has also proven to be an added value cytotoxic 323 assessment tool in establishing pre-lethal toxicity in exposed cells and confirming 324 antagonistic responses. In addition, while FB1 did not show any significant cytotoxic 325 effects on mammalian gut cells, BEA did at a concentration of 1 M. Further 326 investigation is needed to investigate the risk of BEA and FB1 exposure in humans and 327 animals.
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